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論文の要旨 
Abstract of thesis 
 
Gene expression is regulated in the cells. Since chromatin structure affects the binding of trans-acting factors 
to DNA thereby regulates gene expression, it is important to understand the regulation mechanism of chromatin 
dynamics. Histones, which are main components of chromatin, have been implicated in the regulator of its dynamics. 
Histone modifications and histone variants can change the interaction between DNA and histones. In addition, 
chromatin remodeling factors such as histone chaperones also participate in assembly and disassembly of histones. 
In the present study, the applicant performed three projects on the molecular mechanisms how gene expression is 
regulated in the cell. Project 1 is the function of the histone chaperone, NPM1/nucleophosmin/B23, in the 
transcriptional regulation of the genes, especially the IFN-γ induced genes. Project 2 is a characterization of the linker 
histone H1 variants. Project 3 is the regulatory mechanism maintaining the amount of histone H1. 
 
1. Project 1 
Selective regulation of the type II IFN-inducible genes by NPM1/nucleophosmin 
 
< Purpose > 
NPM1/nucleophosmin is a multifunctional nucleolar protein. The applicant analyzed the function 
of NPM1 in gene expression using their previous microarray data, and identified the NPM1 target genes. The 
applicant also elucidated the mechanism of NPM1 mediated gene expression. 
 
< Materials and methods > 
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 1) The effect of NPM1 on interferon (IFN)-γ-inducible gene expression was examined by RT-qPCR. The effect of 
NPM1 on expression of STAT1 and IRF1 proteins was examined by western blotting. 
2)  The localization of NPM1 after IFN-γ treatment was examined by immunofluorescence assay. The effect of 
NPM1 on the expression of Jaks and IFNGRs genes was examined by RT-qPCR. The effect of NPM1 on the level 
of STAT1 at tyrosine 701 phosphorylation was examined by western blotting. The effect of NPM1 on the 
localizations of STAT1 and IRF1 was examined by immunofluorescence assay. 
3)  The effect of NPM1 on the promoter activity of GAS and ISRE was examined by reporter assay. The 
interaction between STAT1 and NPM1 was investigated by immunoprecipitation assay, and by GST-pull down. 
4)  The effect of NPM1 on the MHC class II transactivator (CIITA) promoter activity was examined by reporter 
assay. 
5)  The interaction between Flag-tagged IRF1 and NPM1 was examined by immunoprecipitation assay, and by 
GST-pull down. 
 
< Results > 
1)  NPM1 selectively regulates the IFN-γ inducible genes. 
2)  The localization of NPM1 is not changed by IFN-γ treatment. NPM1 does not affect the expression 
of JAKs and IFNGRs genes, the phosphorylation level of STAT1 at tyrosine 701, and the nuclear accumulation of 
IRF1 and STAT1. 
3)  NPM1 regulates the IFN-γ induced, but not IFN-β induced transcription through direct interaction with STAT1. 
4)  NPM1 regulates the transcription of CIITA gene through the IRF1 binding element. 
5)  NPM1 directly interacts with IRF1 through the oligomerization domain. 
 
< Discussion > 
In the present study, the applicant demonstrated that NPM1 is involved in the regulation of the IFN-
γ signaling pathway through STAT1 and IRF1. INF-γ is a well-established proinflammatory cytokine that plays 
critical roles in both the acquired and innate immune systems, host defense, and in tumor surveillance. On the 
other hand, if its activity is excessive, it can enhance the inflammatory responses in damaged sites and tumor 
microenvironments by releasing proinflammatory cytokines. NPM1 also regulates the TNFα inflammatory 
response by regulating the NFκB pathway. These results suggest a key regulatory role of NPM1 in cancer caused 
and/or enhanced by inflammation. 
 
2. Project 2 
Characterization of linker histone H1 variants 
 
< Purpose > 
The linker histone H1 has important roles in the genomic organization of mammalian cells. There are 
seven H1 variants in somatic cells. The H1 variants, H1.1, H1.2, H1.3, H1.4, and H1.5, are synthesized during the S 
phase, whereas H1.0 and H1.X are synthesized independently of S phase. To understand the distinct function of 
seven somatic H1 variants, the applicant examined their cellular behaviors.  
 
< Materials and methods > 
1)  The cellular behaviors of individual H1 variants were examined by FRAP assay. 
2)  DNA and nucleosome binding activity of H1 variants were examined by gel shift assay. 
3)  Interaction between H1 and histone chaperone was investigated by immunoprecipitation assay, and by GST-
pull down assay. 
4)  The binding activity of H1 variants with NPM1 and TAF-I was quantitatively analyzed by gel shift assay. 
Histone chaperon activity for H1 variants was examined by gel shift assay. 
 
< Results > 
 1)  The cellular mobility of H1 variants is classified into three groups, those with fast (H1.X), intermediate (H1.1 
and H1.2), and slow group (H1.3, H1.4, H1.5, and H1.0). 
2)  DNA and nucleosome core particle binding activities of H1.X are lower than those of H1.1 and H1.0. 
3)  Seven somatic H1 variants H1 variants are interacted with previously known chaperones. 
4)  The affinity of TAF-I and B23 to H1.X is lower than that to H1.0 and H1.1. The chaperone activity of TAF-I 
and NPM1 toward H1 is different. 
 
< Discussion > 
The applicant found that their cellular mobility is different and classified into three groups, those with 
fast (H1.X), intermediate (H1.1 and H1.2), and slow group (H1.3, H1.4, H1.5, and H1.0). The applicant also 
demonstrated that the DNA and nucleosome binding activity of H1.X are lower than those of H1.1 and H1.0 in 
vitro. The quantitative biochemical analyses demonstrated that H1.X shows the lower binding ability with histone 
chaperones, NPM1 and TAF-I compared with H1.0 and H1.1. These results suggest that lower DNA, nucleosome 
and chaperone binding activities of H1.X contribute to the highest cellular behavior of H1.X.  
 
3. Project 3 
A mechanism maintaining the amount of H1 
 
< Purpose > 
It has been shown that total amount of H1 was not changed by either single or double knockout of H1 
variants in mice, because the other H1 variants compensated the lost amount of H1. It did not affect the mice 
development. These results had prompted the hypothesis that there should be a mechanism maintaining the amount 
of H1. To reveal the molecular mechanism maintaining the amount of H1, the applicant examined whether 
H1 depletion increases the expression of the other H1 variant genes. In addition, to examine the protein expression 
of individual H1 variants in H1.4 knockdown cells, the applicant tried to separate the individual H1 variant proteins 
by the various methods. 
 
< Materials and methods > 
1)  The effect of H1.4 or H1.0 depletion on the expression of the other H1 variants genes was examined by RT-
qPCR in HCT116 cells. 
2)  H1 variant proteins were isolated by acid extraction and analyzed by Triton Acid Urea (TAU) gel and Reverse 
Phase-high Performance Liquid Chromatography (RP-HPLC). 
3)  The effect of H1.4 depletion on the expression of the other H1 variant proteins were examined by 18% SDS-
PAGE. 
 
< Results > 
1)  The depletion of H1.4 resulted in the increased expression of H1.0 and H1.2 mRNA, while H1.0 depletion 
resulted in the increased expression of H1.X mRNA. 
2)  Linker histones were isolated, however, these histones were not individually separated by TAU gel and RP-
HPLC. 
3)  18% SDS-PAGE partially separated the isolated H1 variant proteins. 
 
< Discussion > 
The applicant found that H1.4 depletion resulted in the increased expression of H1.0 and H1.2 mRNA, 
while H1.0 depletion resulted in the increased expression of H1.X mRNA. These results suggest that the 
compensation of the amount of H1 is regulated before translation.  
 
 
 
 審査の要旨 
 Abstract of assessment result 
 
【批評 Review】 
In the present study, the applicant revealed that NPM1 selectively regulates the expression of a subset of 
IFN-γ-inducible genes and directly binds to two important transcription factors in the type II IFN pathway: STAT1 
and IRF1. These results suggest a novel mechanism for IFN-γ-mediated gene expression by NPM1. The applicant 
also revealed that the cellular mobility of seven somatic H1 variants is different and classified into three groups, those 
with fast (H1.X), intermediate (H1.1 and H1.2), and slow group (H1.3, H1.4, H1.5, and H1.0). The applicant 
furthermore investigated the molecular mechanism maintaining the amount of H1. Thus, findings in this study will 
surely have impact in the field and will benefit for the understanding of mechanism by which gene expression is 
properly regulated in the cell. 
 
【最終試験の結果 Result】 
The final examination committee conducted a meeting as a final examination on 25 January, 2018. The 
applicant provided an overview of dissertation, addressed questions and comments raised during Q&A session. All 
of the committee members reached a final decision that the applicant has passed the final examination.  
 
【結論 Conclusion】 
Therefore, the final examination committee approved that the applicant is qualified to be awarded Doctor 
of Philosophy in Human Biology. 
 
 
 
 
